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(54) Hip joint prosthesis 

(57) A joint prosthesis, such as an artificial hip joint, 
comprises a first component and a second component, 
the articulating surfaces of the two components being 



formed from a cobalt chromium alloy. The alloy of one 
of the articulating surfaces has less than 0.1% carbon 
by weight, while the other comprises at least 0.1 8% car- 
bon by weight. 
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Description 

This invention relates to artificial joints, such as hip 
joint prostheses, comprising two or more components 
with closely conforming articulating surfaces. More par- 
ticularly, the invention relates to such artificial joints 
wherein the articulating surfaces are made of metal. 

Artificial joints, such as hip joint, shoulder joints and 
knee joints, are extremely widely used in orthopaedic 
surgery. Hip joint prostheses are particularly common. 
Such prostheses comprise an acetabular component, 
often referred to as an acetabular cup, and a femoral 
component. The acetabular component is usually of 
generally hemispherical shape, and it provides a gener- 
ally hemispherical inner articulation surface. The femo- 
ral component generally comprises a spherical or near- 
spherical head, attached to an elongate stem. In use, 
the elongate stem is located in the intramedullary canal 
of the femur, and the head is located within the acetab- 
ular component, to provide articulation between the le- 
mur and the acetabulum. 

In the first hip joint prostheses, both the inner artic- 
ulation surface of the acetabular component and the 
head portion of the femoral component were made of 
metal, such as cast cobalt chromium alloy. However, 
such metal-on-metal prostheses were largely supersed- 
ed by the use of a modified form of acetabular cup, com- 
prising a metal outer shell, and an ultra high molecular 
weight polyethylene insert. Although prostheses of the 
latter type have been used in very large numbers, there 
is some concern that articulation of a metal head in a 
polyethylene cup causes significant erosion of the cup, 
with polyethylene debris being released into the sur- 
rounding tissue. For this reason, attention is again being 
focused on metal-on-metal hip joint prostheses. — ~ 

One currently available metal-on-metal prosthesis 
is the Metasul™ product distributed by Protek AG. The 
product literature for this prosthesis specifies that both 
the cup and the femoral component are made from a 
forged CoCrMo alloy called Protasul®-21 WF. 
Protasu!®-21WF is believed to have a typical carbon 
content of 0.2% by weight. 

Surprisingly, we have found that improved wear is 
obtained if the two articulating surfaces of a metal-on- 
metal joint prosthesis are formed from metals which are 
mis-matched with respect to their carbon content. Ac- 
cordingly, the present invention provides a joint prosthe- 
sis comprising a first component and a second compo- 
nent, the articulation surfaces of the first component and 
the second component both being formed from a cobalt 
chromium alloy, characterised in that the articulation 
surface of the first component or the second component 
is formed from a cobalt chromium alloy having less than 
0.1% carbon by weight, and the other articulation sur- 
face is formed from a cobalt chromium alloy comprising 
at least 0.18% by weight. 

Alloys having less than 0.1 wt% carbon are hereaf- 
ter referred to as low carbon content alloys. Preferably, 



low carbon content alloys used in the prostheses of the 
present invention contain no more than 0.7 wt% carbon, 
e.g. about 0.6 wt% carbon. 

Alloys containing at least 0. 1 8 wt% carbon are here- 
after referred to as high carbon content alloys. Prefera- 
bly, high carbon content alloys used in the prostheses 
of the present invention contain from 0.2 to 0.35 wt% 
carbon, e.g. about 0.22 wt% carbon. 

The alloys which are used to form the prostheses 
of the present invention preferably comprise from 58 to 
69 wt% cobalt, from 26 to 30 wt% chromium, from 5 to 
7 wt% molybdenum and no more than 5 wt% of other 
elements. More preferably, such alloys comprise no 
more than 1 wt% nickel, 0.75 wt% iron, 1 wt% silicon, 1 
wt% manganese and 0.25 wt% nitrogen. Although- 
wrought alloys are preferred, cast or forged alloys may 
also be used. Wrought alloys having the composition set 
out above are described in ASTM F1537, while forged 
alloys of the same composition are described in ASTM 
F799. Cast alloys preferably have a chromium content 
of 27 to 30% by weight. A suitable cast alloy is ASTM 
F75. 

Preferably, the joint prosthesis is a hip joint prosthe- 
sis wherein the first component is an acetabular cup and 
the second component is a femoral component. 

The articulating surfaces of prostheses according 
to the invention will usually be substantially congruent. 
In the case of hip joint prostheses, such surfaces will be 
generally spherical, preferably with a departure from 
roundness no greaterthan 10 u/n when measured in ac- 
cordance with the minimum zone centre method given 
in ISO 42SX = Mpj^preje£^ 
^^NW^e^loun6riess error no greater than Spim^and^ 
^rriost preferably no greater than 5 urn 

of the prostheses of the invention will usually also be 
highly polished. Preferably, the articulating surfaces will 
have an R a value (as measured in accordance with ISO 
468) no greater than 0.1 u_m, and more preferably no 
greater than 0.05 urn. Particularly preferred prostheses 
according to the invention will have articulating surfaces 
with an R a value no greater than 0.02 um 

Hip joint prostheses according to the present inven- 
tion may take any of various forms. For example, the 
femoral component may be of the cemented or cement- 
less type, and it may be provided with a collar for trans- 
mission of load to the calcar ol the femur. Similarly, the 
acetabular component may be of the cemented or ce- 
mentless type. 

When cementless femoral or acetabular compo- 
nents are used in accordance with the present invention, 
they may be provided with porous outer surfaces to en- 
courage attachment of bone, as is well known in the art. 
Suitable porous surfaces may be provided by a variety 
of procedures such as simple rough blasting, chemical 
etching or application of plasma sprayed layers. Sin- 
tered porous coating comprising beads, mesh or fibre 
pads may also be used. 
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Cemented prostheses in accordance with the 
present invention will generally have relatively smooth 
surface finishes to prevent abrasion of the cement. 

It will be understood that the prostheses of the 
present invention need not be made entirely from cobalt 
chrome alloy _For example ..aaa cetabularx up may com- 
prise a ccjbaJ^taome^aUoy^ 

ticulating su rf^e^ ^Q^ancOute r 3 sheJUpjmed from titani- 
um, tita rjium'alloy, cobalt cnrome alloy or even ceramic . 
Stainless steel could al sp be used for the outer s hell if 
the insert andrthe-shellllrins^ 
vent^gaRanic corrosion. 

/ Similarly, a femoral prosthesis may comprise a co- 
'balt chrome alloy head, and a stem formed from titanic 
um, titanium alloy or cobalt chrome a,, °y><-^^^^^ 
N^An embodiment of a jgjrxtprosthegs^in^accordance 
with thli^re^eWirTvention in the form of a hip joint pros- 
thesis is now described with reference to the accompa- 
nying drawings, in-which: 

Figure 1 is a cross-sectional view of an acetabular 
'component and a femoral head of the hip joint pros- 
thesis; 

Figure 2 is a perspective view of the outer shell of 
the acetabular component of Figure 1 ; and 

Figure 3 is a perspective view of an insert of the 
acetabular component of Figure 1 . 

Figure 1 shows a hip prosthesis 1 comprising an 
acetabular component 12 and a femoral component 14. 
The acetabular component 12 is formed of an insert 18 
with-an inner articulating surface 20, the insert 18 being 
disposed within a shell 1 7. The insert 1 8 is of a wrought 
cobalt chrome alloy conforming to ASTM F1537 and 
having a carbon content of approximately 0.22% by 
weight, while the shell 17 is of a titanium alloy 
(Ti6A14V). 

The inner articulating surface 20 of the insert 18 is 
substantially congruent with the surface of a femoral 
head 16 of a femoral component 14. The femoral com- 
ponent 14 also comprises a femoral stem to which the 
femoral head 1 6 is attachable. Both the head 1 6 and the 
stem are of a cobalt chrome alloy conforming to ASTM 
F1537. However, in contrast to the insert 18, the alloy 
from which the head 16 is formed has a carbon content 
of approximately 0.06% by weight. 

The insert 18 is generally hemispherical and has a 
portion of its outer surface 30 in the form of a band ad- 
jacent the rim 38 of the insert 1 8 which is angled to form 
a taper fit with an angled inner surface 32 of the shell 
17. There is an area of clearance between the remain- 
der of the outer surface of the insert 18 and the inner 
surface^f the shell 17. The shell 18 has a groove 36 at 
its rim 38 in which an extraction instrument can be lo- 
cated. 

The shell 17 of the acetabular component 12 has a 



ridged outer surface 22 which can be coated as dis- 
cussed above to enhance the attachment of bone. The 
shell 17 of the described embodiment has three aper- 
tures 24 through which screws are placed for secure- 

5 ment of the shell 17 to the patient's hip bone. The screws 
are attached prior to the insertion of the insert 18 into 
the shell 17. The apertures 24 are unthreaded and are 
dual tapered 34 outwardly towards the inner and outer 
surfaces of the shell 17. The smallest diameter 26 of 

10 each aperture 24 prevents the screw from passing 
through the aperture 24. The shell 1 7 also has an apical 
threaded aperture 28 for instrumentation attachment 
jand for viewing. 

15 Experimental 

The wear of hip joint prosthesis components was 
assessed by subjecting an acetabular component and 
a femoral component to repeated articulation represent- 
ee ative of a normal walking cycle. Testing was conducted 
using a model EW-12 hip simulator, manufactured by 
Materials Technology Inc., La Canada, California. 

The femoral heads used in this evaluation had a di- 
ameter of 28 mm. The nominal clearance (cup diameter 
25 minus head diameter) between the femoral heads and 
the acetabular cups during testing was 0.050 mm. Ac- 
tual clearances ranged from 0.045 mm to 0.054 mm. 
The components were subjected to a loading curve dur- 
ing testing that is equivalent to that developed during a 
30 walking cycle. Peak load was approximately 2000 N. 

During testing the hip prostheses were completely 
immersed in bovine serum. Tests were conducted for up 
to two million cycles. Wear was assessed by measuring 
the total weight loss of the two components during test- 
es ing. 

In all cases, the prostheses had articulation surfac- 
es formed from cobalt chromium alloy conforming to 
ASTM F1537. However, the samples differed in the car- 
bon content of the alloy used. Low-carbon (approxi- 

40 mately 0.06 wt% carbon) femoral components were 
matched with either low-carbon or high-carbon (approx- 
imately 0.22 wt%) acetabular cups, and high-carbon 
femoral components were similarly matched with either 
low-carbon or high-carbon cups. Surprisingly, the high- 

45 est average wear (weight loss) was observed for pros- 
theses in which the femoral head and the acetabular cup 
were both formed from low carbon content alloy, or both 
from high carbon content alloy. The lowest average 
wear (weight loss) was observed for prostheses in which 

50 a low carbon content alloy was used for the femoral 
head and a high carbon content alloy was used for the 
acetabular cup (or vice versa). 

55 Claims 

1 . A joint prosthesis comprising a first component and 
a second component, the articulation surfaces of 
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the first component and the second component 
both being formed from a cobalt chromium alloy, 
characterised in that the articulation surface of the 
first component or the second component is formed 
from a cobalt chromium alloy having less than 0.1% 
carbon by weight, and the other articulation surface 
is formed from a cobalt chromium alloy comprising 
at least 0.18% carbon by weight. 

2. A prosthesis according to claim 1 wherein the artic- 
ulation surface of the first component or the second 
component is formed from a cobalt chromium alloy 
comprising from 0 to 0.07% carbon by weight, and 
the other articulation surface is formed from a cobalt 
chromium alloy comprising 0.2 to 0.35% carbon by 
weight. 

3. A prosthesis according to claim 1 or claim 2 wherein 
the first component and the second component are 
formed from an alloy comprising from 58 to 69% co- 
balt, from 26 to 30% chromium, from 5 to 7% mo- 
lybdenum and no more than 5% (in total) of other 
elements, all percentages being by weight. 

4. A prosthesis according to claim 3 wherein said alloy 
comprises no more than 1% nickel, 0.75% iron, 1% 
silicon, 1% manganese and 0.25% nitrogen. 

5. A prosthesis according to claim 4 wherein said alloy 
is a wrought alloy. 

6. A prosthesis according to claim 5 wherein said 
wrought alloy conforms to ASTM F1537. 

7. A hip joint prosthesis according to any preceding 
claim. 

8. A prosthesis according to claim 7 wherein the first 
component is a hip head prosthesis and the second 
component is an acetabular cup prosthesis. 

9. A hip joint prosthesis, comprising 

an acetabular cup having an articulation sur- 
face; and 

a femoral head having an articulation surface, 

wherein the articulation suriace of one of the 
acetabular cup and the femoral head is made ol a 
metal alloy having a low carbon content and the ar- 
ticulation surface of the other of the acetabular cup 
and the femoral head is made of a metal alloy hav- 
ing a high carbon content. 

10. A hjp joint prosthesis according to claim 9 wherein 
the carbon content of the low carbon content metal 
alloy is in the range of 0.03 to 0.10 wt% carbon. 



11. A hip joint prosthesis according to claim 9 wherein 
the carbon content of the high carbon content metal 
alloy is in the range of about 0. 1 8 to 0.35 wt% car- 
bon. 
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(57) A joint prosthesis, such as an artificial hip joint 
(1 ), comprises a first component (12) and a second com- 
ponent (14), the articulating surfaces (20,16) of the two 
components (1 2, 1 4) being formed from a cobalt chromi- 
um alloy. The alloy of one of the articulating surfaces 
(20,16) has less than 0.1% carbon by weight, while th 
other comprises at least 0.18% carbon by weight. 
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